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ABSTRACT
Several variables such as verbal ability, age, gender, level of depression and vitamin
B 12 deficiency have been found to moderate memory performance on cognitive tasks.
The current study examined the above variables, plus also looked at levels of
magnesium and zinc for their probable moderating effect on memory performance.
Examined were 38 adults: 27 younger (between 21-35 years) and 11 oider (between
60-85 years), to identify those factors that moderated memory performance for this
community-dwelling sample. The results of the current study replicated previous
work reported in the literature that examined age-related changes in prose recall,
word list recall and working memory span. There were a limited number of nutrition
measures that impacted memory performance. Vitamin B12 significantly predicted
memory performance in a number of analyses but the relationship was in a negative
direction.
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CHAPTER I
INTRODUCTION
Aging and Memory
A considerable amount of research has examined age-related declines in
memory performance. A number of studies have used recall of word lists as their
measure of memory. Using a technique designed by Shiffrin (1970), Smith (1979)
examined the interaction between age and list length in free recall. Smith (1979) used
a delayed-recali procedure and hypothesized that the longer the list that had to be
recalled the more difficult it would be to retrieve any items from that list. Forty-eight
participants were examined, and divided into age groups: ages 20-39, ages 40-59, and
ages 60-80. All participants were administered the Digit-Span and Vocabulary
subtests of the Wechsler Adult Intelligence Scale (WAIS) and there were no
significant differences between the age groups based on these WAIS subtest scores.
The participants were presented with word lists varying in length of 10, 20, or 40
words. The participants were instructed to remember the list they were presented,
however, they were always asked to free recall the list right before the current one
(i.e., on trial 6 there were presented with a word list and asked to free recall the words
from trial 5). Recall for the previous list took place immediately afte" finishing the
current list. The participants were presented with 10 lists, which presented them with
9 opportunities for recall. Smith (1979) found that the length of the list inserted into

the retention interval (defined as the length of the current list, not the list to be
recalled) significantly impaired recall performance in all three age groups, but that
length did not interact with age. Where the interaction was present, however, was
between age and the length of the previous list that was being recalled. The younger
participants recalled a greater proportion of the words, and all participants recalled
more with the shorter recall lists. The author noted that the results obtained argued
against an interference model of memory loss in the elderly, as the length of the
intervening list in the retention interval did not show age effects.
Age-related memory decline has also been observed during recognition tasks,
although those differences are not as great as that observed when recall was tested.
Erber (1974) manipulated the difficulty of a recognition task by using a fivealternative forced-choice test in which all the answers were fairly similar in structure,
but differed in meaning. Erber (1974) used 76 participants, 38 younger (1 °-30 years)
and 38 older (60-75 years), all of whom were nuns. The age groups were matched on
years of education and also for WAIS vocabulary scores. Two lists were utilized; one
that was 24 words long and the other was 60 words in length. Words from one of the
lists were read aloud and the participants were asked to repeat the word aloud, and
immediately after the last word the recognition task took place. Once this test was
completed, the participants were given the second list they had not originally received
and asked to do the same type of recognition test on the second list. Completing the
task, they were then asked to free-recall all the words they could then remember from
the second list.
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Eibet (,1974 ) found that younger participants recognized more list words than
older participants. The length of the list was also a factor, with performance for all
participants better on the shorter list than the longer. A significant age effect was
found for recall, with younger participants having higher recall than older
participants. There was no interaction between age and list length. Erber’s (1974)
findings illustrate that age-related declines are observed in word recall as well as
recognition.
A number of studies have examined age-related declines in memory for
passages. Dixon et al. (1982) used Kintsch’s (1974) scoring system to analyze the
meaning of text through a set of structured propositions known as a text base. The
propositions represent a scoring system used to recognize whether a participant
remembered the important thematic units of text. Dixon et al. (1982) used three
groups of predominately female participants; the youngest group ranged in age from
18-32 years (N = 25), the middle group was composed of participants ranging in age
from 34 to 56 years (N = 28), and the oldest group was composed of participants age
60 to 81 years old (N = 29). The stimulus material was five news articles, which had
been subjected to a propositional analysis according to Kintsch’s (1974) criteria.
Participants were assigned randomly to either a listening or reading condition.
Participants wrote their recall in lined booklets after each passage. One week
following the testing, participants returned and again tried to recall the stories, given
only the title of the stories in their booklets.
In Dixon et al. (1982), younger participants recalled a significantly greater
percentage of propositions than did both the middle-aged and older participants. The
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two older groups did not differ significantly in performance on the recall task. There
were no significant differences between the conditions of either listening or reading
the texts. The results of Dixon et al. (1982) indicated that younger adults
remembered text material better than middle-aged and older adults during the
experiment and at a 1-week follow-up.
Few longitudinal studies have examined the changes in adult memory and
intellectual abilities, and those that have are rarely

long as the 16-\ ear long study

done by Zelinski and Burnight (1997). To determine the extent and nature of these
changes, the authors tested 583 people between the ages of 28 to 36 and 55 to 87
years old. Attrition took its toll on the study, and 238 people were confirmed to have
died since the initial gathering of data in 1978. and 206 were not able to be reached
either by phone or mail, and were presumably deceased (the authors did not collect
social security numbers in 1978 and so could not verify this theory). This left the
subject pool that completed the full longitudinal study at 106 people. Three memory
measures were administered at baseline: 1.) a free-recall task of 20 concrete highfrequency nouns that had been studied for 3 minutes, 2.) another free-recall task of a
227-word essay that had been read by participants while they had aiso listened to a
taped recording of that essay, and 3.) a delayed recognition task, 20 minutes later,
containing original word list items and 20 foils. Intelligence scores were also
collected, using the STAMAT (Schaie-Thurstone Adult Mental Abilities Test; Schaie,
1985). The subtests used from the STAMAT were the Letter Series, Word Series,
Figure Rotation, Object Rotation, and Recognition Vocabulary subtests. Letter Series
and Word Series are inductive reasoning tasks, Figure Rotation and Object Rotation

4

are tests of spatial ability, and the Recognition Vocabulary subtest involves a series of
pairing the correct synonym from four alternatives. In the 1994 testing, the
participants were administered the same measures as had been given at baseline. The
authors initially administered a 3-year follow-up (Zelinski, Gilewski and Schaie;
1993); however, there were minimal changes in scores at 3 years post baseline. The
16-year follow-up (Zelinski & Bumight, 1997') found significant age differences for
all three memory measures, p < .01. The decline in performance was significant for
text recall, and word list recall, but not for word list recognition. Gender was not a
significant predictor of performance as men and women appeared to decline in
performance at the same rate. The age group that exhibited the reliable deficits were
those participants that were aged 55 to 81 at the baseline measuring period. Based on
these results it appears that age decline for memory starts or accelerates at around age
55 and these deficits increase significantly over the course of 16 years.
Petros et al. (1983; 1989) examined whether age-related declines in prose
memory differed according to the importance level of the text. The younger and
older participants in Petros et al. (1989) were divided into high and low verbal
abilities, based on scores obtained from the vocabulary subtest of the WAIS. For the
younger group, the high verbal adults (N =11) ranged in age from 18-27 years and
the low verbal adults (N = 19) ranged in age from 18-30 years old. For the older
group, the high verbal adults (N = 16) ranged in age from 60-79 years and the lowverbal participants (N = 13) ranged in age from 65-84 years old. After the
participants completed the vocabulary subtest, they were presented with taperecorded passages presented at 120, 160, or 200 wpm. They were instructed to pay
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attention, as they would be asked to recall the stories aloud (not verbatim) after
hearing them. The participant responses were tape-recorded for scoring purposes.
The passages that were presented were in either narrative or expository form.
Narrative passages describe actions or events that develop over time, whereas an
expository text gives an explanation of unchanging objects or events. Narrative texts
were examined because it was hypothesized that they would be easier to process, due
to the cohesive organization imposed upon them by a time-order relationship.
Expository text was hypothesized to be more difficult due to a lack of temporal
organization priming further events as they are individually activated. The primary
finding of Petros et al. (1989) was that the size of the age differences for the recall
task were similar at all levels of importance, for both narrative and expository
passages, and both the size of the age differences were larger for low verbal than high
verbal adults. These findings point to individual differences as moderators of
observed memory performance in young and elderly persons.
One source of age-related changes in prose memory may reside in age-related
changes in working memory performance. Light and Anderson (1985), in their first
experiment, tested 25 young and 25 older adults, with the younger participants
ranging in age from 21-34 years and the older adults ranging from 56-80 years old.
The participants were all administered the vocabulary subtest of the WAIS. The
participants were given 5 tests, including a sentence span test, a word span test, the
digits forward and digits backward subtests of the WAIS, and a paragraph memory
task. For the sentence span task, participants saw on a 3’ x 5’ card a sentence that
they were asked to read aloud. The cards were presented in sets of 2 to 5 sentences,
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and a blank card indicated to the participant the end of that set. The blank card at the
end of each set signaled a cue to recall to the experimenter the last word of each
sentence they had read. The participants continued until they could not recall two of
the three sets of words at a given length. The word span test was similar in
construction, with participants recalling words instead of sentences, with lists
spanning two to seven words long. The paragraph memory task involved reading a
series of short passages and responding to two questions at the end of each passage:
participants were asked the referent of a pronoun mentioned in the last sentence, and
they were also asked a question regarding some fact that was explicitly stated in the
paragraph.
The results of Light and Anderson’s (1985) first experiment found that
younger adults performed better than older adults both on the pronoun task and the
facts-based questions. There was also an effect for distance, with younger and older
adults both performing better on those items closer to the end of the passages. There
was no interaction, however, between age and distance as the authors had
hypothesized.
The second experiment conducted by Light and Anderson (1985) was
conducted to determine if the age differences they found in experiment one when
paragraph memory was tested by recall, would be reproduced with a forced-choice
task. The second purpose was to determine if an age by distance interaction could be
found if the smallest pronoun-referent distance was used (i.e., using a span of 1 to 6
instead of the former 2-7 span distance). The second experiment tested 20 young and
20 older adults ranging in age from 22-37 and 66-81 years old. The procedure used
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was similar to the first experiment, with the exception of the new pronoun-referent
span and the use of a forced-choice test of paragraph memory. The forced-choice test
consisted of a three alternative test. There were two questions asked after each
passage, one of which was pronoun-referent and one of which was a fact question.
The incorrect choices were composed of distracter items which were other nouns or
events from the passage. In the case of fact questions, distracter items were
constructed by the authors in four cases due to the lack of appropriate believable
alternatives in the passages. The results of experiment two found the same age
differences as experiment one, including no interaction effect between age and span.
Given these results the authors found no indicators of individual differences in
working memory capacity accounting for age-related differences in memory for
discourse.
Both text and learner characteristics have been found to play a role in the
variability of the memory performance exhibited by older adults. Hartley (1986)
compared 24 young (18 to 28 years) and 24 (61-75 years old) older adults on recall
for 4 stimuli, two different expository and narrative texts. The propositional structure
of the texts was determined based on Kintsch’s (1974) procedures. The instructions
and the text were presented on a monochrome computer screen, and immediately
after reading the text, participants provided a written recall of the content of the text.
To assess vocabulary and abstract reasoning levels, participants were administered
the vocabulary and reasoning subtests of Shipley-Hartford Scale (Shipley, 1940). To
assess reading ability, the first half of Form IB of the Davis Reading Test (Davis,
1944) was administered in half the time typically allowed for the whole test. The
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Davis Reading Test includes a number of short passages followed by multiple choice
questions following each passage. Access to lexical information was measured with a
word-naming test in which the participant simply spoke the name of a printed word as
quickly as possible. A semantic verification task consisted of two lists of 32 simple
statements that proposed either property or category relations. A tape recording was
used to assess the accuracy of the judgments. For the last measure, reading span, the
author used the Daneman and Carpenter (1980) task for an estimate of working
memory capacity. In the Daneman and Carpenter test, a series of sentences at
increasing reading span levels are read aloud, and the last word of each sentence must
be reported correctly (serially) after the last sentence is read.
The difference between the younger and older participants was of the same
magnitude for all the proposition types. The younger group remembered significantly
more propositions than the older group, and the expository test produced superior
recall for all proposition types. Recall for the reading tasks was not affected by group
membership, type of text, or the interaction of the two factors. Contrary to their
hypothesis, there was no significant age difference for semantic verification, as well
as a lack of an age difference in the measure of working memory capacity. While
investigations of narrative memory have consistently found differences in the
literature, expository text has not. These results indicate a contrast in that .age
differences in recall were equal for both types of texts.
Examination of individual differences in memory performance has become
the focus for many researchers. For example, Hultsch, Hertzop and Dixon (1990)
examined whether 19 different measures of individual ability moderated the size of
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age differences in memory observed. The stimuli consisted of results from 4
measures of verbal speed, 2 measures of working memory, 3measures of verbal
fluency, 3 measures of vocabulary, and 2 measures of world knowledge. Hultsch et
al. (1990) tested 584 community-dwelling adults (343 male, 241 female) residing in a
Canadian metropolitan area. The participants were divided into three age groups: 1936 years, 55-69 years, and 70-86 years old. Due to the extensive nature of tests given,
the administration took place over three sessions during the course of about one
month.
The results of Hultsch et al. (1990) found that individual differences in ability
were able to predict performance on text and word-recall tasks. In particular, they
found that semantic speed, comprehension speed, working memory, verbal fluency
and reading comprehension were significant independent predictors of text-recall
performance. Their results suggested that the majority of age-related variance could
be accounted for by the variety in individual differences. Given these results, further
research on other factors that moderate the size of age differences in memory
performance seemed warranted.
The sources of individual differences reported in the 16-year longitudinal
study by Zelinski and Bumight in 1997 were re-examined by Zelinski and Stewart
(1998). Since there was little change in the 1981 sample results, only the 1978 and
1994 data were analyzed. They found that both change in reasoning and age were
reliable independent predictors of text and list recall change. They also found gender
to be a significant predictor of text decline (females had better recall after 16 years).

10

They were not able to find any reliable predictors of recognition change in their
regression analyses.
A number of theoretical accounts of age differences in memory have been
proposed. Craik and Simon (1980) theorized that the poorer memory performance
that is exhibited by the elderly is a result of a diminished processing capacity that
limits the amount of information that the elderly are able to effectively process in a
deep manner. A number of studies have attempted to test this theory by presenting a
cognitive task to younger and older adults that had multiple levels of difficulty.
Support for this theory would be evident if larger age differences were found on the
more difficult tasks.
One of the goals of the current study was to examine whether age differences
in nutritional status can account for some of the age differences in memory
performance. Therefore, the next section will present an overview of research that
has examined the relationship between nutritional status and cognitive performance in
younger and older adults.
The Nutritional Status Of Elderly Adults
Garry, Goodwin, Hunt, Hooper and Leonard (1982) examined the dietary
profile of an elderly (over 60 years old) population. Participating in the 5-year
longitudinal study were 304 subjects (138 men and 166 women) who kept non
weekend three-day records of their diet. The subjects were instructed on how to keep
the food records, and right after the three-day period, a dietician visited their home.
The purpose of the visit was to check the completeness and accuracy of the records,
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to obtain information about vitamin and supplement use, and to obtain information
about income, education, and physical activity.
It has been found that as men and women age, they get less of the RDA
(Recommended Daily Allowance) for their age bracket than is recommended. Gary
et al. (1982) found a significant increase in Body Mass Index (BMI) with age for men
(p = -05), but not for women (p = .81). For both men and women, the mean energy
intake was below the recommended RDA but only 1% of men and women failed to
get at least 50% of the RDA for energy while approximately 1/3rd received less than
75% of the RDA It is the range of the RDA, according to Gary et al. (1982), which
is considered one of the curren t controversies in the vitamin literature. Examination
of the relationship between age and energy intake in the participants revealed a
significant negative correlation (r = -0.24, p = 0.007) for men, but not for women (r =
-0.07, p = 0.397). Splitting the men and women into those 76 years and older and
comparing them to those 75 and younger revealed that for men less than 76 years of
age, the mean energy intake was 88% of the RDA and for men 76 years of age and
older, the mean intake was 100% of the RDA. For women less than 76 years of age,
the mean energy intake was 86% of the RDA while women 76 years and older the
mean intake was 91% of the RDA.
Most notable about the 1982 Gary et al. study was that dietary intake of the
vitamins B 12, D, E, folic acid, calcium and zinc were deficient fo, -"ost (75%)
individuals in the population. It should be noted, however, that then eut-off of 75%
of the RDA as deficient has not been accepted in the literature as a standard. Another
limitation included the exclusion of those in the elderly population that had any health
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problems. By excluding those with health concerns, the study may have ignored a
high percent of the normal elderly population, therefore not testing a representative
sample of normal elderly adults.
Cognition is affected by nutrition levels in elderly adults. In Selhub, Bagley,
Miller and Rosenberg's (2000) studies of the Framingham heart study cohort, they
found that there was a high prevalence of inadequate vitamin B in the participants.
The breakdown for the percent who were B vitamin deficient was: ~30% for folate,
20-25% for vitamin B 12 and ~20% for vitamin B&. A number of studies give support
to the possibility that poor vitamin status is at least partially responsible for decline in
cognitive capacities in an elderly population. For example, Rigges et al. (1996)
looked at the relation between scores on cognitive tests and concentrations of folate,
vitamin B 12. B6, and homocysteine. They found that those with poorer spatial
copying skills (as measured by the Consortium to Establish a Registry for
Alzheimer’s Disease; CERAD) had lower folate and B!2 concentrations. The
CERAD (Morris, Heyman, Mohs, et ah; 1989) spatial copying test requires
participants to copy a circle, crossed rectangles, a vertical diamond, and a cube.
These figures were accompanied by subtests from the Developmental Test of VisualMotor Integration (VM1): the tilted triangles, eight-dot circle, horizontal diamond,
and tapered box subtests. The overlapping pentagons subtest from the Mini-Mental
State Exam was also used. Rigges et al. (1996) found that plasma homocysteine
concentrations (which are inversely correlated with plasma folate and Bl2
concentrations) were more strongly related to spatial copying performance than either
folate or vitamin B|2 concentrations. There was no significant relation between
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plasma concentrations of B vitamins or homocysteine and the age or education of the
participants. Bell et a!. (1992) found that elderly patients with depression and lower
cognitive test scores as measured by the observer-rated Montgomery-Asberg
Depression Rating Scale (MADRS; 1979) and the Mini-Mental State Exam (MMSE;
1975) had significantly higher homocysteine concentrations than did either younger
or elderly depression patients with normal cognitive test scores. Joosten et al. (1997)
showed that patients with Alzheimer disease had higher total plasma homocysteine
concentrations than did age-matched healthy controls. In summary, examination of
severe vitamin deficiencies has led to the importance of vitamin B 12, and vitamin B6
in cognitive and neurological factors. This is quite a complex interaction and it has
not yet been completely understood the role vitamin deficiency plays in
neuropsychological dysfunction
Penland, in 1995, noted that deficiencies in magnesium have been associated
with numerous psychological, as well as neurological, problems. Some of these
problems are convulsions, dizziness, neuromuscular hyperexcitability,
hyperemotionality, anxiety, confusion, depression, apathy, loss of appetite and
insomnia. Penland argued that while boron had not yet been recognized as an
essential nutrient for humans, boron in conjunction with magnesium has been linked
in an interaction effect to indexing calcium and bone metabolism and brain function.
Thirteen women were recruited in an effort to examine the effect of deprivation of
magnesium and boron on brain function. Participants were fed a diet on a three-day
rotation for 126 days, which included nutritional adequacy for all nutrients except
boron and magnesium (0.23 mg / 2000 kcal / day and 115mg / 2000 kcal / day,
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respectively). After a 21-day equilibration period that included magnesium and boron
supplementation, participants were given all four factorial combinations of
supplements (placebo, Mg + placebo, 3 mg B, and 3 mg B + placebo for 42 days
each). By examining the EEG’s of the paiticipants, Penland (1995) found that low
magnesium intake resulted in increased cortical electrical activity. This effect w'as
particularly noticeable in the theta band of the EEG activity. Those subjects who had
low dietary boron also had an increase in the relative amount of low frequency EEG.
These results would indicate that nutrition not only affects cognitive tasks, but overall
brain activity.
Nutrition levels have been studied in animals as well as humans, ltoh et al.
(1993) examined the effects of a stressor (restraint) on the production ol endogenous
zinc and amino acids in the hippocampus of male Wistar-King-A rats. The
measurement took place using a microdialysis probe implanted in the left posterior
hippocampus of a rat. During the first 15 minutes of the stressor, zinc concentrations
in the perfusates (the fluid used to perfuse an organ) of the rats that were restrained
significantly increased to 167.3% of the mean basal level. The zinc levels later
returned to basal levels. These authors argued about the importance of their results
because it was known that exogenously applied Zn2+ inhibits mossy fiber synaptic
transmission and has an antagonistic effect on NMDA receptors. Furthermore, zinc,
inhibits glutamate (Glu) release from hippocampal slices.
Chafetz, Abshire, and Bernard (1984) purposely depleted, rats of zinc in order
to examine the effects of depletion on a radial ann maze. Fourteen male SpragueDawley rats were randomly assigned to either zinc deprived (ZD) or a control group.
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After one rat died, this left six rats in the experimental and seven in the control group.
The experimental group was deprived of zinc by having been fed a Tekland zinc
deficient diet (no. 170988) which served to provide the rats with 0-2 ppm zinc. The
control rats were feu a diet that ensured an adequate (50-ppm) amount of zinc in their
diet. The maze task contained eight arms that extended from a central platform. The
rats were placed in the center platform, and allowed to choose between the eight
arms, all of which contained a food reward, which was not replaced after being
chosen. Visiting an arm where the food had already been chosen was considered an
error.
There were four conditions that the rats were subjected to in Chafetz et al.
(1984). The first condition had maze amis bafted with a choice of two pellets - they
could choose either the zinc deficient or a control pellet; the second condition had the
maze arms baited with 2 pellets that matched the dietary condition of the rat (hence,
no choice of diet); the third condition contained maze arms with a choice of 2 ZD
pellets in each of four anus and 2 control pellets in each of four arms (the position of
the pellets varied); and the last condition wras the same as the first choice condition.
For the conditions where the rats had a choice between the ZD and control foods,
there was no reliable difference in maze performance between the groups. However,
for condition 2 where the rats had no option in the choice of diet, there was a
significant difference in maze performance where the control rats made significantly
less errors than the ZD rats. The authors hypothesized that their results suggested that
animals deprived of zinc may not necessarily be suffering from a mnemonic deficit,
but rather were searching to restore their nutrient balance. This was supported by the
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fact that ZD rats that had a choice of zinc pellets performed equally as well as the
control rats. It would be of interest if human behaviors could be located that were
also tound to be the result of “foraging"’ behaviors (i.e. behaviors leading to the
intense seeking of certain foods high in particular vitamins).
Tucker and Sandstead (1984) investigated the effects of zinc levels on
neuropsychological functioning. Specifically, they were interested in reports that
have shown that zinc deficiency has led to mental symptomology that has
consequently remitted after zinc repletion. Nine male volunteers (for whom no ages
were reported) underwent a baseline period, followed by a zinc depletion period
(reported as 108 to 126 days), and then a zinc repletion period (reported as 18 to 24
days). Cognitive tests and EEG’s were administered weekly. The cognitive tasks
included a word fluency task, an imagery task, a digit span forward and backward
task, a nonverbal auditory memory task, and an assessment of short-term visual
memory task involving characters and shapes. For the character subtest, the
participants were asked to memorize characters on a computer screen. For the shape
subtest, the participants were asked to remember a shape or pattern, and ignore the
characters on the screen. After a 2 msec interval, the participant responded as to
whether the second screen presented was the same or different based on the first
presented character, shape or pattern. There were four blocks of trials conducted,
with the subtests of characters or shapes randomly ordered.
Tucker and Sandstead found several, some significant, negative correlations
between plasma zinc and the accuracy of performance for subjects on the
character/shape subtests for the baseline period. The authors speculated that this
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finding might have been due to initial high levels of plasma zinc leading to faster but
less accurate performance on this subtest. Another notable finding was a significant
negative correlation between digit span backward performance and plasma zinc for
the subjects during the depletion period. Despite an overall finding of a negative
relation between zinc balance and the performance measures on the character/shape
subtest and digit span backwards during the depletion periods, Tucker and Sandstead
(1984) found no negative neuropsychological effects on their subjects due directly to
zinc depletion. One limitation of this study was the failure to report the ages of the
participants in the study. If the participants were younger adults, the absence of a
correlation between zinc and cognitive performance may not be that surprising.
Pennypacker et al. (1992) set out to examine the prevalence of undiagnosed
cobalamin (vitamin Bn) deficiency in elderly outpatients. Their participants were
152 elderly participants of which 29 were found to have a screening serum Cbl level
of </= 300 pg/mL and were recruited to participate in the experimental group of the
6-month study of treatment with parenteral Cbl. The participants were then further
compared based on those in the group whose metabolites were not elevated to > 3 SD
above the mean to those who did not have elevations of methylmalonic acid or
homocystein > 3 SD. The patients were subjected to baseline clinical assessments
that included hematologic, neurologic, and neuropsychological evaluations. After the
baseline evaluation period, the participants received weekly parenteral
cyanocobalamin injections for 8 weeks, and subsequently underwent monthly
injections.
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The neuropsychological measures used by Pennypacker et al. (1992) included:
the Mini Mental State Exam, the Behavioral Dyscontrol Scale, the Brown-Peterson
test, Luria’s word learning test, the Digit Span subtest of the WAIS-R, the Visual
Reproduction subtest of the WMS-R, the Trail Making Test, the short form of the
Geriatric Depression scale (GDS), the Similarities subtest of the WAIS-R, and a letter
cancellation test. There appeared no significant differences between the groups on
either the education or baseline performance on the neuropsychological measures
mentioned above. At an 8-week follow-up, both groups showed improved
performance on similarities, the GDS, and Trail Making but the group with elevated
metabolites showed significantly greater improvement. A 6-month follow-up
however, failed to find significant differences between the groups.
The effect of copper and zinc intakes on the cognitive function in older
women was studied by Penland, Milne, and Davis (2000). The authors were
interested in the effects on memory (as measured by The Memory Assessment Scale;
MAS; Williams, 1991) caused by high and low levels of copper and zinc present in
the diets of postmenopausal women. Twenty-three postmenopausal women, ages 64
+/- 6 (SD, not range) participated in the 200 day long study. The diets of the women
consisted, of 10 days of equilibration, followed by 90 days of low zinc intake (3mg/
2000 keal/day), followed by 10 days of equi libration, and the final 90 days consisting
of a high zinc intake period (53 mg/day). Thirteen women were fed low copper (1
mg/day) while another 10 women were fed high copper (3 mg/day) throughout both
of the 90-day periods. The MAS was administered at the end of each 90-day dietary
period to assess visual short and long-term memory.
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Penland, Milne, and Davis (2000) found that short-term memory, and in
particular immediate recall of numeric sequences presented verbally, was
significantly worse when women on the low copper diet were fed high zinc compared
to low zinc diets. Immediate recall of words presented verbally was significantly
worse with high zinc versus low zinc diets, when the participants were on a diet low
in copper. Lastly, there were significantly increased intrusions during recall during
the low copper versus the high copper condition. The authors suggested that their
findings extended previous findings, specifically illustrating that the negative effects
of low copper intakes can be exacerbated by a high zinc intake diet.
The research on aging and memory' has consistently reported significant age
differences on memory tasks that tax working memory, particularly prose and word
list memory. A number of variables have been identified that may moderate the size
of the age difference observed. Those variables include vocabulary level, reasoning
ability, education level, and gender such that participants with higher verbal ability,
reasoning ability, and education level show less memory decline with age, and
females demonstrate less memory decline than males. The purpose of the proposed
project is to examine the degree to which nutritional status influences age-related
decline in memory performance. The existent nutrition research has found reliable
changes in cognitive performance due to the effects of levels of B vitamins, in
particular vitamin B 12. There is also reason to hypothesize that both Magnesium and
Zinc will have moderating effects on age related changes in memory performance.
The goal of the current study was to simultaneously measure the moderating effects
of several variables on memory performance in young versus older adults. The
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impact of both nutrition and individual difference variables was measured and
analyzed in the current study. The results measured the effects these variables have
on moderating the normal decline seen in aging on memory measures.

CHAPTER II
METHOD
Participants
The sample size consisted of 38 adults: 27 younger (8 male and 19 female)
and 15 older (1 male and 14 female) adults, between the ages of 60-75 and 21-35
respectively. Subjects were recruited from the Grand Forks, North Dakota
community, through advertisements in the University of North Dakota newspaper, the
University of North Dakota television channel, through advertisements posted at
various locations in Grand Forks and surrounding regions where senior citizen groups
meet and through advertisements in the local paper. All participants were paid $25 or
given three hours o f course credit for their participation. No participants were
excluded because o f their race. All participants lost through attrition were replaced.
Participants were not scheduled to partake in the research while they were
experiencing any short-term health concerns such as a cold or flu symptoms, or
temporary gastrointestinal upset. Women who reported they took estrogen or
progesterone based contraceptives or estrogen-replacement therapy were included in
this study. Within each age group present, we attempted to balance the number of
younger women taking or not taking estrogen or progesterone based contraceptives,
and we attempted to balance the number of older women taking or not taking estrogen
replacement therapy.
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Initially, participants who were taking anti-inflammatory, diuretic and betaadrenergic medications were excluded from the study. Participants were also
excluded if they had started or stopped taking nutritional supplements within the past
six months. However, due to the large number of participants that were rejected (at
one point only about one in thirty volunteers qualified), the criteria excluding those
taking anti-inflammatory (i.e., Tylenol) and diuretic medications were relaxed for the
purpose of meeting a reasonable timeline for completion of the project.
Materials
The Geriatric Depression Scale (GDS) (Yesavage et al., 1983) is a 30-item
yes-no self-report measure of depression for use with older populations. The GDS
assesses primarily psychological components of depression to avoid self-report of
somatic symptoms that normally increase in older adults. The Wahler Physical
Symptoms Inventory (Wahler, 1983) is a 42-item self-report questionnaire listing a
variety of physical symptoms an individual may experience.
The Vocabulary subtest of the Wechsler Adult Intelligence Scale Third Edition
(Wechsler, 1997) was given to each subject using the standardized procedure as a
measure o f individual ability.
The Mini-Mental Status Exam (Folstein, Folstein, & McHugh, 1975) is a brief
common screening device to measure cognitive impairment.
Individual memory was assessed using three measures (word list recall, story
recall and reading span). Four lists of 12 words were be used for the word list recall
(See Appendix B). The average frequency o f the words in each list were equated
(Kuchera & Francis, 1967). The word lists were recorded on audiotape at two
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presentation rates (one word every second, one word every three seconds). Text recall
was assessed using two narrative and two expository' passages (200-220 words, 7-8th
grade reading difficulty) recorded on audio tape at 160 words per minute (See
Appendix A). The passages had previously been divided into idea units resulting in
25 to 26 idea units for expository passages and 29 to 34 idea units for the narrative
passages. The idea units of the passage were previously rated for their importance to
the theme of the story resulting in three levels of importance for the idea units of each
passage. Working memory was assessed using a reading span task (Daneman &
Carpenter, 1980). The reading span test consisted of 60 unrelated sentences presented
on PC. Each sentence was 13-16 words in length and each ended in a different word.
These sentences w'ere then arranged in three sets each of two, three, four, five and six
sentences. The last word of each sentence must be reported in correct serial order
after the last sentence was read. Participants received several two sentence length
practice trials before beginning and were told that the number o f sentences would
increase. Testing continued until the participant failed all three sets of sentences at a
particular level.
Design and Procedure
All participants were asked not to ingest any solid food after midnight
preceding their experimental appointment in preparation for the blood draw to
analyze for nutrition status. They were called or left a reminder phone message the
night before their experimental session. All participants were scheduled to report to
the lab between 7 and 9 AM for their experimental session. First the participant read
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and signed the consent form, height and weight was obtained, and then blood pressure
and pulse were measured.
All participants were administered the Mini Mental Status Examination
(Folstein, Folstein, & McHugh, 1975) and those with score less than 22 had their data
excluded from the analysis (N = 0). A brief vision (visual acuity, near contrasts
sensitivity) and hearing screening (pure tone sensitivity, speech perception in quiet,
and speech perception in noise) was administered and used for screening purposes.
Those participants that could not hear at the level of normal conversation, or see to
read the size of average newspaper print would have been dismissed from
participation (N = 0).
Once the physical screening was completed, a blood draw of 75 ml was
obtained by a licensed phlebotomist to assess for baseline levels of vitamin B 12,
magnesium, and zinc. After the blood sample was taken, participants were allowed
15-minutes to eat a standard breakfast consisting of juice and granola bars.
Administration of the Wahler Physical Symptoms Inventory along with a structured
medical interview was conducted to review the participants’ physical status, disease
state, and medication use.
After the interv

a licensed dietician conducted a 24-hour dietary recall

interview along with an assessment of food insecurity using the Core Food Security
Module (Derrickson, et al., 2000). The participant completed at the lab a food
frequency questionnaire (Diet History Questionnaire). Data from the food frequency
and 24-hour recalls was used to estimate chronic as well as recent nutrient intake.
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Nutrient composition o f foods was calculated from the USDA Nutrient Database for
Standard Reference, release 15.
In the prose memory test, participants listened to and immediately recalled 5
passages, one practice and four experimental passages (2 narratives, 2 expositor
passages). In addition participants listened to and immediately recalled 5 word-lists,
one practice and 4 experimental lists (2 at a fast rate, 2 at a slow rate). All recalls
were taped and transcribed for later scoring.
A test o f working memory, the reading span test (Daneman and Carpenter,
1980) was also presented on a PC. Participants received several two-sentence length
practice trials before beginning and were told that the number of sentences would
increase. To begin the test the participant was shown the first sentence on the
computer and asked to read it aloud at their own pace. When the sentence is read the
next sentence appeared and they read aloud this sentence. When all of the sentences
in the set are read, the subject recalled the last word of all the sentences read in the
order that they appeared. Participants are exposed to the sets in order of increasing
number until they failed all three sets.
A typical timeline for the procedure administered is printed below:
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Timeline for a Typical Experimental Session

Event

Time

Participant reports to the lab at 9 AM, fasted, and informed consent
obtained.

09:00-09:05

Vision and Hearing Tests

09.05-09:20

Mini-Mental Status Exam

09:20-09:40

Obtain height, weight, blood pressure and pulse.

09:40-09:45

Blood Draw to analyze for Nutritional Status

09:45-09:55

Breakfast Provided and participant completes the Whaler Physical
Symptoms Inventory

09:55-10:10

Food Frequency Questionnaire and 24-hour dietary recall interview
10:05-10:25
a. Participant will bring a completed Food Frequency Questionnaire
(Diet History Questionnaire)
b. Dietician will conduct a 24-hour dietary recall interview and Core
Foods Security Measure.
Administer Vocabulary subtest from WAIS-III

10:25-10:45

Immediate Prose Recall task

10:05-10:15

Immediate Word Recall task

10:15-10:25

Reading Span Test o f Short Term Memory

10:25-10:35

Sternberg Test of Short Term Memory

10:35-10:50

Delayed Prose Recall

10:50-11:00

Delayed Word List Recall

11: 00- 11:10

Participant debriefed, given $25 cash or slip for course credit,
signed sheet for accounting purposes, escorted out of building

11:10-11:25
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CHAPTER III

RESULTS
The final sample consisted o f 27 younger adults who ranged from 18 to 33
years old (mean age = 22.88) and 11 older adults who ranged in age from 61 to 79
years of age (mean age = 69.81). A series o f t-tests were conducted to compare
younger and older adults on the Vocabulary subtest of the WA1S-I1 , the Geriatric
Depression Inventory, the Whaler Physical Symptoms Inventor)', the Mini Mental
Status Exam and Years of Education. Overall, there were no significant differences
between the younger and older adults on any of these measures. The means and
standard deviations for these measures are presented in Table 1 for younger and older
adults.

Table 1
Individual Differences Measures
Young

Old

WAIS Vocabulary

43.15
(7.12)

42.27
(13.9)

CDS

2.51
(3.14)

3.45
(3.64)

Whaler

17.08
(13.28)

25.64
(13.31)

Mini Mental Status

29.74
(.66)

29.36
(1.03)

Years o f Education

15.32
(1 3 1 )

14.29
(4.03)
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For the prose recall data, each protocol was independently scored and the rate
was blind to the age or condition (Immediate vs. Delayed) o f the protocol. A random
sample of 12.5% ol the protocols was scored by a second rater, producing an average
agreement of 87.5%. For each protocol, the proportion of idea units recalled at each
of three levels of importance was computed separately for each passage. The recall
scores were then averaged over the two narrative and expository' passages separately
for the immediate and delayed recalls.
A 2 (Age: young vs. old) X 2 (Passage Type: Narrative vs. Expository) X 3
(importance Level: High vs. Medium vs. Low) mixed ANOVA was utilized to
matyze the immediate prose recall data. Passage Type and Importance Level served
as the within-subjects factors with Age as the between-subjects factor. There were
significant main effects for Age, F ( l , 36) = 7.85, /? < .001, Type of Passage, F ( l , 36)
= 57.6l , p < .001, Importance Level, F ( 2, 36) = 116.25,/? < .001, and an interaction
effect of Type of Passage X Importance Level, F ( l , 36) = 0.40,/? < .001. All
participants recalled significantly more idea units from narrative passages (A/ = 0.51)
compared to expository passages ( M= 0.35) and recall declined for less important
idea units with recall of 0.56, 0.45, and 0.27 for idea units of high, medium and low
importance respectively. The younger participants recalled significantly more than
the older adults with mean recall score of .495 for younger adults and .359 for older
adults. Subsequent Tukey post-hoc analysis on the interaction of Type vs.
Importance lead to the finding that narrative texts were recalled better than expository
texts for idea units of high and medium importance; conversely, expository texts were
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actually recalled better for the low importance idea units. This data is summarized in
Table 2.

Table 2
Immediate Prose Recall
Immediate

Expository

Narrative

High

Medium

Low

High

Medium

Low

Young

.48
(.17)

.47
(.18)

.30
(.13)

.76
(.14)

.60
(.16)

.36
(.13)

Old

.37

.30

.17

.62

.44

.26

(.20)

(.17)

(.15)

(.23)

(.21)

(.18)

A 2 (Age: Young vs. Old) X 2 (Passage Type: Narrative vs. Expository) X 3
(Importance Level: High vs. Medium vs. Low) mixed ANOVA was utilized to
analyze the delayed prose recall data. Passage Type and Importance Level served as
the within-subjects factors with Age as the between-subjects factor. There were again
significant main effects for Age, F ( l , 36) = 11.877,/? < .001, Type of Passage, F ( l ,
36) = 67.17, p < .001, Importance Level, F (2, 36) = 96.69, p < .001, and an
interaction effect of Passage Type vs. Importance Level, F ( 2, 36) = 38.23,/? < .001.
All participants recalled significantly more idea units from narrative passages (mean
= 0.46) compared to expository passages (mean = 0.27), and recall declined for less
important idea units o f 0.44, 0.41 and 0.25 for idea units of high, medium and low
importance respectively. The younger participants did significantly better than the
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older across these measures with a mean recall score of .443 for youngei adults and
.286 for older adults. Subsequent Tukey post-hoc analysis on the interaction of Type
x Importance demonstrated that the narrative texts were recalled better at all levels of
importance, with that difference being greater for the high and medium importance
levels. This data is summarized in Table 3.

Table 3
Delayed Prose Recall
Delayed
Expository

Narrative

High

Medium

Low

High

Medium

Low

Young

.34
(.14)

.43
(.19)

.28
(.17)

.70
(.12)

.56
(.17)

.36
(1 1 )

Old

.22
(1 8 )

.26
(.17)

.12
(1 2 )

.51
(.24)

.38
(.20)

.23
(.15)

For the word list recall, the proportion of words recalled on each list was
scored as a function of the primacy (words 1-4), middle position (words 5-8) and
recency position (words 9-12). A 2 (Age: Young vs. Old) X 2 (Rate: Slow vs. Fast)
X 3 (Serial Position: Primacy, Middle, Recency) mixed analysis of variance was used
to analyze the immediate word list recall data. Main effects o f Age, F{ 1, 27) =
12.899, p < .001, Rate, F ( l , 27) = 13.52,p < .001, Serial Position, F (2, 26) = 24.76,
p < .001, and an interaction effect of Rate x Serial Position F (2, 26) - 6.85, p < .01
were observed. The younger participants did significantly better than the older
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participants across the measures with a mean recall score of .425 for younger adults
and .278 for older adults. All participants scored significantly higher on the slow
speed of presentation of word lists illustrated by a mean recall score of .388 for the
slow rate and a mean recall of .315 on the fast rate o f presentation. All participants
had a significantly higher word list recall score in the Recency condition (A/ = .527)
than those words in the Middle ( M= .240) or Primacy conditions ( M - .288).
Subsequent Tukey post-hoc analysis on the interaction o f Rate vs. Serial Position
found that recall scores were significantly better at the slow rate of presentation for
the Primacy and Middle conditions, but there was no significant effect of Rate on
recall for the Recency condition. Results are summarized in Table 4.

Table 4
Word List Recall
Immediate Recall
Fast

Slow

Recency

Primacy

Middle

Recency

Primacy

Middle

Young

.49
(.21)

.37
(.17)

.53
(.20)

.34
(.19)

.19
(.17)

.64
(.19)

Old

.26
(.10)

.22
(.14)

.46
(-33)

.06
(.66)

.18
(.18)

.49
(.28)

The delayed word recall was analyzed with a 2 (Age) X 3 (Serial Position)
ANOVA. There was a significant main effect of Age found such that, regardless of
Serial Position, older participants recalled fewer proportion of words (A/= .05) than
the younger group (M = . 12), F{ \ , 27) = 39.52, p < .01.
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Table 5

Delayed Word List Recall
Delayed Recall
Primacy

Middle

Recency

Young

.13
(.10)

.13
(.09)

.12
(.11)

Old

.05
(.06)

.04
(.04)

.06
(.06)

The sentence span protocols were scored using the original procedure
described in Daneman and Carpenter (1980) as well as all four separate methods
described in La Point and Engle (1990). Recall for a trial was considered perfect in
all scoring methods if all the words in a trial were recalled, regardless of serial order.
Daneman and Carpenter (1980) scored their reading sentence span protocols by
finding the highest level (i.e., set size) at which the participant was correct on two out
of three sets and awarding that many points (see Span 5 in Table 6). La Point and
Engle based the first of their four scoring methods (see Span 1 in Table 6) on this
rule, with the addition that they awarded half a point when a participant recalled all of
the words of one trial perfectly, but could only recall one trial perfectly at the next set
size.

The second method used by La Point and Engle was calculated by summing

the total number of words in the trials that were recalled perfectly (See Span 2 in
Table 6). The third method was the total number of words recalled correctly,
regardless of whether the trials were passed or failed (See Span 3 in Table 6). The
fourth scoring method outlined by La Point and Engle (1990) involved using the
highest number o f words a participant remembered across all trials.
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A series of /-tests were conducted on the sentence span data with Age Group
(Young vs. Oid) as the independent variable and the 5 measures of calculating
sentence span (labeled Span 1 through Span 5) as the dependent variables. Table 6
outlines the resulting data. The younger participants had higher recall scores on all
five scoring methods, with three of the five methods (Span 2, Span 3 and Span 4)
demonstrating significant differences between the groups ( /(40) = 2.27, p < .05 and
/(40) = 2.42, p < .05 and /(40) = 2.17,/? < .05 respectively) while the other two (Span
1 and Span 5) were not statistically significant, /(40) = 1.85, /? = .07 and /(40) = 1.51,
p = .14 respectively. It is of interest that the two non-significant scoring methods
were both either directly from Daneman and Carpenter (1980) or from La Point and
Engle’s adaptation o f Daneman and Carpenter’s scoring method.
Table 6
Working Memory
Sentence Span Test
Span 1

Span 2

Span 3

Span 4

Span 5

Young

2.91
(.75)

12.50
(7.61)

21.32
(1 1 2 4 )

3.14
(.89)

2.71
(.76)

Old

2.46
(.72)

7.29
(5.55)

13.36
(6.93)

2.50
(.94)

2.36
(.63)

The 24 hour dietary recall interview was scored by a licensed dietician and the
amount of intake o f Vitamin B 12, Magnesium, Iron and Zinc was estimated for each
participant. The means and standard deviation for each participant are presented in
Table 7. A series of Mests were run to determine the difference between younger and
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older adults on these measures. For this analysis, data were available for 25 younger
adults and 11 older adults. No significant differences were observed.
Table 7
24- Hour Diet Recall
Young

Old

t

Vitamin B ,2

4.578
(3.177)

3.33
(1.519)

1.235

Magnesium

276.29
(139.16)

271.49
(109.21)

.101

Iron

12.78
(6.63)

11.54
(4.64)

.561

Zinc

10.13
(5.25)

9.44
(4.04)

.381

The blood sample was analyzed for the amount of Vitamin B 12, Magnesium,
Zinc, Iron, Ferritin, and another measure of magnesium (Ionized Mg) and a measure
of Zinc in red blood cells (RBC ZN). The means and standard deviation for each
participant are presented in Table 8. A series o f /-tests were run to determine the
difference between younger and older adults on these measures. For this analysis,
data were available for 27 younger adults and 11 older adults. No significant
differences were observed.
Table 8
Analysis of Blood Samples
Young

Old

t

B,j Serum

466.33
(168.41)

640.27
(279.9)

-2.36*

Magnesium

20.23
(1.88)

21.79
(1.73)

-2.35*
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Table 8 cont
Young

Old

t

Zinc

1.16
(.307)

1.44
(.565)

-1 97**

Iron

103.29
(59.56)

88.27
(34.4)

.781

Ferritin

61.2
(53.99)

102.16
(101.84)

-1.62

Zinc (RBC)

2.49
(.433)

2.55
(.475)

-.331

Ionized Mg

1.17
(.146)

1.31
(.106)

-2.89*

* p < .05 ** p <.06

The results indicated higher blood levels of B 12, Magnesium, Zinc and Ionized Mg in
older adults than younger adults.
The amount of dietary supplements taken by each participant in the 24 hour
dietary recall interview was scored. A series of /-tests were run to determine the
difference between younger and older adults on the level of vitamin supplements
taken. The means and standard deviations for these measures are presented in Table
9. The older adults were taking significantly more vitamin supplements in almost all
areas, except for vitamin C. Results are summarized in Table 9. Specifically, the
older adults demonstrated they were taking significantly more AIU, /(34) = -2.94, p <
.01, ARE /(34) = -2.84, p < .01, BETA, /(34) = -3.32, p < .01, vitamin E, /(34) = 2.06,p < .05, THI, /(34) = -2.78, p < .01, RIB, /(34) = -3.05, p < .01, NIA, /(34) = 2.25, p < .05, vitamin B6, /(34) = -2.42 , p < .05, FOLIC, /(34) = -2.63, p < .05,
vitamin B 12, /(34) = -2.71 , p < .05, calcium, /(34) = -4.61, p < .001, magnesium, /(34)
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= -3.43,p < .01, iron, ((34) = -3.03, p < .01, zinc, f(34) = -3.48, p < .01, copper, /(34)
= -3.43, p < .01, and levels of vitamin D, ((34) = -2.71, p < .05.
Table 9
Comparison of Young and Old Adults’ Level of Vitamin Supplements

Vit A Internationa!
Units

Young
1674.96
(2123.95)

Old
4675.33
(4019.89)

t
-2.94 **

Vit A
Retinol Equivalents

368.49
(467.27)

1101.57
(1097.98)

-2.84**

BETA

67.00
(84.96)

168.75
(84.20)

-3.32 **

Vitamin E

17.54
(59.97)

69.90
(94.53)

-2.06 *

Vitamin C

67.89
(150.65)

199.28
(242.53)

-1.99

Thiamine

0.76
(1.61)

2.88
(2.99)

-2.78 **

Riboflavin

0.74
(1.29)

2.45
(2.04)

-3.05 **

Niacin

9.27
(17.57)

24.81
(22.24)

-2.25 *

Vitamin B6

1.53
(4.63)

7.35
(9.94)

-2.42 *

Folic Acid

140.85
(183.97)

316.88
(188.42)

-2.63 *

Vitamin B 12

2.01
(2.55)

4.52
(2.57)

-2.71 *

Calcium

16.54
(56.41)

381.82
(394.85)

-4.61 ***

Magnesium

16.29
(31.56)

63.64
(50.45)

-3.43 **

Iron

3.79
(8.81)

13.40
(8.67)

-3.03 **

Zinc

2.44
(4.73)

11.49
(11.06)

-3.48 **

Copper

0.33
(0.63)

1.27
(1.01)

-3.43 **
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Table 9 cont.
Vilamin D

Young

Old

134.00
(169.91)

(171.61)

301.30

-2.71 *

* Significant at the p < .05 level. ** Significant at the p < .01 level. *** = .05 < p < . 10

Regression Model 1
A simultaneous multiple regression was completed using Age, Vocabulary
scores, and blood levels of B !2, Magnesium, and Zinc as predictors. The continuous
variables of Vocabulary, B]2 levels, Magnesium and Zinc were centered prior to the
computation of the regression equation. Centering is a technique where you subtract
the mean of each variable from the score to reduce problems with inter correlations
among the predictors. The criterion variable was Immediate Prose Recall averaged
over Passage Type and Importance Level. The overall model significance of each
variable was tested with degrees o f freedom of 5 and 32. An examination of the
predictors (see table 10) showed that Vocabulary and blood levels of B |2 were
significant predictors of Immediate Prose recall, with Vocabulary uniquely
accounting for 25.5% of the model variance and B(2 level accounting for 7.0%. An
examination of these beta weights demonstrated that increases in Vocabulary lead to
increases in recall, increases in Age lead to decreased recall scores, and increases in
blood B]2 lead to decreased recall scores. The predictor of Age only approached
significance, uniquely accounting for 5.1% o f the model. None of the interaction
terms accounted for a significant amount o f variability in the criterion.
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Table 10
Immediate Prose Recall Regression
Predictor

Coefficient

Beta Weight

t

Squared semi-partial

Age

-.0876

-.272

-1.91 *

.051

B|2 serum

-.0002

-.289

-2.23 **

.070

Magnesium

-.0104

-.137

-1.07

.016

Zinc

.0327

.091

.694

.007

Vocabulary

.0086

.546

4 29 ***

.255

* = .05 < / j < .10
** = p < .0 5
*** = p < .01

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and blood levels o f B 12, Magnesium, and Zinc as predictors where the
criterion variable was delayed prose recall averaged over Passage Type and
Importance Level. The overall model significance of each variable was tested with
degrees of freedom of 5 and 32. An examination of the predictors (see table 11)
showed that Age, blood levels of B n and Vocabulary were significant predictors of
Immediate Prose recall, with Age uniquely accounting for 10.1% o f the model
variance, B]2 uniquely accounting for 6.0%, and Vocabulary uniquely accounting for
25.6% of the model variance. An examination o f these beta weights demonstrated
that increases in Age and B n lead to decreased recall, while increases in Vocabulary
lead to increases in recall. None o f the interaction terms accounted for a significant
amount of variability in the criterion.
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Table 1 1
Delayed Prose Recall Regression
Predictor_________ Coefficient_______ Beta Weight_______________ t________ Squared semi-partial
Age

-.121

-.383

-3.097 **

.101

Bj2 Serum

-.0002

-.268

-2.384 **

.060

Magnesium

-.0097

-.131

-1.183 ***

.015

Zinc

.0062

.176

1.548

.025

Vocab

.0084

.546

4.929

.256

* = .05 < p < .10
* * = /> < . 05
* * * = p < .01

A simultaneous multiple regression was completed using Age. Vocabulary
scores, and blood levels of B 12, Magnesium, and Zinc as predictors where the
criterion variable was immediate word recall averaged over Rate and Serial Position.
The overall model significance of each variable was tested with degrees of freedom
of 5 and 28. An examination of the predictors (see table 12) showed that Age was the
sole significant predictor of Immediate Word recall, v/ith Age uniquely accounting
for 21.6% of the model variance. An examination of the beta weight for Age showed
that increases in Age led to decreased recall scores. None of the interaction terms
accounted for a significant amount o f variability in the criterion.

Table 12
Immediate Word List Recall Regression
Predictor

Coefficient

Beta Weight

t

Squared semi-partial

Age

-.158

-.610

-2.278 *

.216

B 12 Serum

-.0001

.108

-.732

.015

Magnesium

.0061

.108

.598

.010
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Table 12 cont.
Predictor

Coefficient

Beta Weight

l

Squared semi-partial

Zinc

.0311

.115

.525

.008

Vocab

.0003

.023

.138

.001

* = p < . 05
** = .05 < p < .1 0

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and blood levels of B 12, Magnesium, and Zinc as predictors where the
criterion variable was Delayed Word recall averaged over Rate and Serial Position.
The overall model significance of each variable was tested with degrees of freedom
o f 5 and 23. An examination of the predictors (see table 13) showed that Vocabulary
was a significant predictor of Delayed Word recall, with Vocabulary uniquely
accounting for 13.6 % of the model variance. An examination of these beta weights
demonstrated that increases in Vocabulary lead to increases in recall. None o f the
interaction terms accounted for a significant amount of variability in the criterion.

Table 13
Delayed Word Recall Regression
Predictor

Coefficient

Beta Weight

t

Age

-.0364

-.226

-1.037

.030

B 12 Serum

-.00002

-.046

-.260

.002

Magnesium

-.0023

-.066

-.370

.004

Zinc

-.052

-.308

-1.419

.055

Vocab

.0038

.447

2.225 *

.136

* = p < .05
** = .05 < p < A0
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Squared semi-partial

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and blood levels ol'B i 2 , Magnesium, and Zinc as predictors where the
criterion variable was Sentence Span score as measured by the first method used by
La Point and Engle (1990). The overall model significance of each variable was
tested with degrees of freedom of 5 and 30. An examination of the predictors (see
table 14) showed that there were no significant predictors of Sentence Span scores
using the first method of Sentence Span (Span 1). None of the interaction terms
accounted for a significant amount of variability in the criterion.

Table 14
Sentence Span 1 Regression
Predictor

Coefficient

Beta Weight

t

Age

-.486

-.326

-1.667

.072

B 12 Serum

-.0002

-.060

-.339

.003

Magnesium

.0155

.045

.252

.002

Zinc

-.239

-.141

-.811

.017

Vocab

.0201

.282

1.638

.067

Squared semi-partial

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and blood levels of B 12, Magnesium, and Zinc as predictors where the
criterion variable was Sentence Span score as measured by the second method used
by La Point and Engle (1990). The overall model significance of each variable was
tested with degrees of freedom of 5 and 30. An examination of the predictors (see
table 15) showed that there were no significant predictors of Sentence Span scores
using the second method of Sentence Span (Span 2). None o f the interaction terms
accounted for a significant amount of variability in the criterion.
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Table 15
Sentence Span 2 Regression
Predictor

Coefficient

Beta Weight

t

Squared semi-partial

Age

-5.188

-.346

-1.74

.081

B , 2 Serum

-.0016

-.051

-.282

-.046

Magnesium

.0741

.022

.118

.0004

Zinc

-1.364

-.80

-.452

.005

Vocab

.156

.218

1.244

.042

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and blood levels of B 12, Magnesium, and Zinc as predictors where the
criterion variable was Sentence Span score as measured by the third method used by
La Point and Engle (1990). The overall model significance of each variable was
tested with degrees o f freedom of 5 and 30. An examination of the predictors (see
table 16) showed that there were no significant predictors of Sentence Span scores
using the third method of Sentence Span (Span 2). None of the interaction tenns
accounted for a significant amount of variability in the criterion.

Table 16
Sentence Span 3 Regression
Predictor

Coefficient

t

Beta Weight

Squared semi-partial

Age

-7.327

-.326

-1.623

.007

B [ 2 Serum

-.0042

-.092

-.509

.007

Magnesium

-.110

-.021

-.116

.0003

Zinc

-1.7.39

-.068

-.380

.004

Vocab

.152

.141

.797

.017
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A simultaneous multiple regression was completed using Age, Vocabulary
scores, and blood levels of B |2, Magnesium, and Zinc as predictors where the
criterion variable was Sentence Span score as measured by the fourth method used by
La Point and Engle (1990). The overall model significance of each variable was
tested with degrees o f freedom of 5 and 30. An examination of the predictors (see
table 17) showed that there were no significant predictors of Sentence Span scores
using the fourth method of Sentence Span (Span 4). None of the interaction terms
accounted for a significant amount of variability in the criterion.

Table 17
Sentence Span 4 Regression
Predictor

Coefficient

Beta Weight

t

Squared semi-partial

-.609

-.323

-1.679

.071

Serum

-.0005

-.143

-.828

.017

Magnesium

-.0231

-.053

-.302

.002

Zinc

-.266

-.124

-.723

.013

Vocab

.0173

.191

1.130

.032

Age
B

[2

Regression Model 2
In the second regression model, we added three additional variables to those
included in the first model. We included a measure of iron, a measure of iron storage
capacity in blood (ferritin) and a measure o f Folic Acid. A simultaneous multiple
regression was completed using Age, Vocabulary scores, and levels of Iron, Ferritin,
Folic Acid, B |2, Magnesium, and Zinc as predictors. The continuous variables of
Vocabulary, Iron, Ferritin, Folic Acid in serum, B 12 levels, Magnesium and Zinc were
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centered prior to the computation of the regression equation. The criterion variable
was Immediate Prose recall averaged over Passage Type and Importance Level. The
overall model significance of each variable was tested with degrees of freedom of 8
and 29. An examination of the predictors (see table 18) showed that Vocabulary and
blood levels of B 12 were significant predictors of Immediate Prose recall, with
Vocabulary uniquely accounting for 18.2% of the model variance and B 12 level
accounting for 6.6%. An examination of these beta weights demonstrated that
increases in Vocabulary lead to increases in recall, increases in Age lead to decreased
recall scores, and increases in blood B 12 lead to decreased recall scores. The predictor
of Age only approached significance, uniquely accounting for 4.7% of the model.
None of the interaction terms accounted for a significant amount o f variability in the
criterion.
Table 18
Model 2: Immediate Prose Recall Regression
Predictor

Coefficient

Beta Weight

t

Age

-.0873

-.271

-1.817 **

.047

Iron

-.0004

-.160

-1.229

.021

Ferritin

.0005

.234

1.283

.023

F o il' acid

-.00004

-.274

-1.371

.027

B |2 Serum

-.00002

-.288

-2.162 *

.066

Magnesium

-.0087

-.115

-.881

.001

Zinc

.0113

.031

.226

.0007

Vocab

.0079

.498

3.603 *

.182

* = p < .05
** = .05 </? < .10
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Squared semi-partial

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of Iron, Ferritin, Folic Acid, B 12, Magnesium, and Zinc as
predictors where the criterion variable was Delayed Prose recall averaged over
Passage Type and Importance Level. The overall model significance of each variable
was tested with degrees of freedom of 8 and 37. An examination of the predictors
(see table 19) showed that Age, Vocabulary and blood levels of Bn were significant
predictors of Delayed Prose recall, with Age uniquely accounting for 10.2%,
Vocabulary uniquely accounting for 21% of the model variance and B n level
accounting for 6%. An examination of these beta weights demonstrated that
increases in Vocabulary lead to increases in recall, increases in Age lead to decreased
recall scores, and increases in blood B n lead to decreased recall scores. None of the
interaction terms accounted for a significant amount of variability in the criterion.

Table 19
Model 2: Delayed Prose Recall Regression
Squared semi-partial

Predictor

Coefficient

Beta Weight

t

Age

-.126

-.401

-3.131 *

.102

Iron

-.0004

-.131

-1.170

.014

Ferritin

.0005

.269

1.712 **

.031

Folic acid

-.00003

-.189

-1.104

.013

B ] 2 Serum

-.0002

-.274

-.2402 *

.060

Magnesium

-.0094

-.127

-1.132

.013

Zinc

.0426

.121

1.014

.011

Vocab

.0082

.533

4.496 *

.210

* = p < .05
** = .05 < p < .10
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A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of Iron, Ferritin, Folic Acid, B 12, Magnesium, and Zinc as
predictors where the criterion variable was Immediate Word recall averaged over
Rate and Serial Position. The overall model significance of each variable was tested
with degrees of freedom of 8 and 20. An examination of the predictors (see table 20)
showed that Age was a significant predictor of Immediate Word recall, with Age
uniquely accounting for 15.6 % of the model variance. An examination of these beta
weights demonstrated that increases in Age lead to decreased recall scores. None of
the interaction terms accounted for a significant amount of variability in the criterion.

Table 20
Model 2: Immediate Word Recall Regression
Predictor

Coefficient

Beta Weight

t

Age

-.139

-.536

-2.306 *

.156

Iron

.0001

-.040

-.224

.001

Ferritin

-.0004

-.218

-.580

.010

Folic acid

-.000006

-.054

-.139

.001

B |2 Serum

-.00005

-.091

-.456

.006

Magnesium

.0071

.125

.657

.013

Zinc

.0344

.127

.511

.008

Vocab

-.0002

-.018

-.083

.0002

Squared semi-partial

* = p < .05

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of Iron, Ferritin, Folic Acid, B 12, Magnesium, and Zinc as
predictors where the criterion variable was Delayed Word recall averaged over Rate
and Serial Position. The overall model significance of each variable was tested with
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degrees of freedom of 8 and 20. An examination of the predictors (see table 21)
showed that Vocabulary level was a significant predictor of Delayed Word recall,
with Vocabulary uniquely accounting for 17.3 % o f the model variance. An
examination of these beta weights demonstrated that increases in Vocabulary lead to
increased recall scores. None of the interaction terms accounted for a significant
amount of variability in the criterion.

Table 21
Model 2: Delayed Word Recall Regression
Predictor

Coefficient

Beta Weight

t

Squared semi-partial

Age

-.041

-.254

-1.121

.035

Iron

-.0004

-.236

-1.339

.050

Ferritin

-.00009

-.087

-.237

.002

Folic acid

.00001

.207

.541

.009

B 12 Serum

.000006

.018

.095

.0003

Magnesium

-.0037

-.104

-.558

.009

Zinc

-.0487

-.288

-1.190

.040

V ocat

.004

.534

2.486 *

.173

* = p < .05

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of Iron, Ferritin, Folic Acid, B 12, Magnesium, and Zinc as
predictors where the criterion variable was Sentence Span score as measured by the
first method used by La Point and Engle (1990). This is the method in which the
protocol was scored by finding the highest level (i.e., set size) at which the participant
was correct on two out of three sets and awarding that many points. Additionally,
participants were awarded half a point when a participant recalled all of the words of
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one trial perfectly, but could only recall one trial perfectly at the next set size. The
overall model significance of each variable was tested with degrees o f freedom of 8
and 27. An examination of the predictors (see table 22) showed that Ferritin was a
significant predictor of Span 1 with Ferritin uniquely accounting for 17.2% of the
model variance. Folic Acid approached significance while accounting for 7.7% of the
model variance. An examination of these beta weights demonstrated that increases in
Ferritin lead to increases in recall. None of the interaction terms accounted for a
significant amount of variability in the criterion.

Table 22

Model 2: Sentence Span 1Recall
Squared semi-partial

Predictor

Coefficient

Beta Weight

t

Age

-.308

-.207

-1.158

.027

Iron

.0014

.115

.737

.001

Ferritin

.0064

.666

2.959 *

.172

Folic acid

-.0004

-.485

-1.977 **

.077

B j2 Serum

-.0005

-.169

-1.073

.023

Magnesium

-.0109

-.032

-.199

.0008

Zinc

-.434

-.256

-1.619

.052

Vocab

.0173

.243

1.500

.045

* - p < .05
** = .05 < p < .10

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels o f Iron, Ferritin, Folic Acid, B 12, Magnesium, and Zinc as
predictors where the criterion variable was Sentence Span score as measured by the
second method used by La Point and Engle (1990). Protocol scores were calculated
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by summing the total number of words in the trials that were recalled perfectly. The
overall model significance of each variable was tested with degrees o f freedom of 8
and 27. An examination of the predictors (see table 23) showed that Ferritin was a
significant predictor of Span 2 with Ferritin uniquely accounting for 12.7 % of the
model variance. An examination of these beta weights demonstrated that increases in
Ferritin lead to increases in recall. None o f the interaction terms accounted for a
significant amount o f variability in the criterion.

Table 23
Model 2: Sentence Span 2 Recall
Squared semi-partial

Predictor

Coefficient

Beta Weight

t

Age

-3.80

-.254

-1.299

.04

Iron

.0076

.061

.360

.003

Ferritin

.0550

.573

2.323 *

.127

Folic acid

-.0030

-.408

-1.516

.054

B 12 Serum

-.0042

-.137

-.795

.015

Magnesium

-.152

-.044

-.251

.002

Zinc

-3.004

-.176

-1.018

.024

Vocab

.136

.189

1.067

.027

* = p < .05
** = .05 < p < .10

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of Iron, Ferritin, Folic Acid, B12, Magnesium, and Zinc as
predictors where the criterion variable was Sentence Span score as measured by the
third method used by La Point and Engle (1990). Protocols were scored by finding
the total number of words recalled correctly, regardless o f whether the trials were
passed or failed The overall model significance of each variable was tested with
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degrees of freedom of 8 and 27. An examination of the predictors (see table 24)
showed that showed that there were no significant predictors of Span 3. However.
Ferritin approached significance uniquely accounting for 10.6 % of the model
variance. None of the interaction terms accounted for a significant amount of
variability in the criterion.

Table 24
Model 2: Sentence Span 3 Recall
Predictor

Coefficient

Beta Weight

t

Squared semi-partial

Age

-5.162

-.230

-1.139

.033

Iron

.0110

.59

.337

.003

Ferritin

.0749

.521

2.044 **

.106

Folic acid

-.0046

-.420

-1.514

.058

B12 Serum

-.0079

-.172

-.966

.023

Magnesium

-.381

-.074

-.407

.004

Zinc

-4.136

-.162

-.905

.021

Vocab

.104

.097

.529

.007

* = p < .05
** = .05 < p < .10

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels o f Iron, Ferritin, Folic Acid, B12, Magnesium, ard Zinc as
predictors where the criterion variable was Sentence Span score as measured by the
fourth method used by La Point and Engle (1990). The protocols were scored by
using the highest number o f words a participant remembered across all trials. The
overall model significance of each variable was tested with degrees o f freedom of 8
and 27. An examination of the predictors (see table 25) showed that showed that
Ferritin was a significant predictor of Span 4 with Ferritin uniquely accounting for
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16.1 % of the mode! variance. Folic Acid approached significance while accounting
for 8.2 % o f the model variance. An examination of these beta weights demonstrated
that increases in Ferritin lead to increases in recall. None o f the interaction terms
accounted for a significant amount of variability in the criterion.

Table 25
Mode! 2: Sentence Span 4 Recall
Predictor

Coefficient

Beta Weight

t

Age

-.457

-.242

-1.294

.036

Iron

-.0014

-.087

-.530

.006

Ferritin

.0078

.643

2.720 *

.161

Folic acid

-.0005

-.501

-1.946**

.082

B 12 Scrum

-.0007

-2 1 0

-1.275

035

Magnesium

-.0048

-.122

-.665

.010

Zinc

-.499

-.233

-1.403

.043

Vocab

.0135

.149

.880

.017

Squared semi-partial

* = p < .05
** = .05 </? < .10

Regression Model 3
A third group o f regressions were computed using alternative blood measures
o f Magnesium and Zinc. A simultaneous multiple regression was completed using
Age, Vocabulary scores, and levels o f B12, Magnesium, RBZ and Ferritin as
predictors. The continuous variables o f Vocabulary, B 12 levels, Magnesium and RBZ
and Ferritin were centered prior to the computation of the regression equation. The
criterion variable was Immediate Prose recall averaged over Passage Type and
Importance Level. The overall model significance o f each variable was tested with
degrees of freedom o f 6 and 31. An examination o f the predictors (see table 26)
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showed that Vocabulary and blood levels of B 12 were significant predictors of
Immediate Prose recall, with Vocabulary uniquely accounting for 32.3 % of the
model variance and B ]2 level accounting for 6.6 %. An examination of these beta
weights demonstrated that increases m Vocabulary lead to increases in recall and
increases in blood B 12 lead to decreased recall scores. None of the interaction terms
accounted for a significant amount of variability in the criterion.

Table 26
Model 3: Immediate Prose Recall Regression
Predictor

Coefficient

Beta Weight

t

Age

-.0784

-.243

-1.680

.040

B , 2 Serum

-.0002

-.283

-2.156 *

.066

Vocab

-.0096

.611

4.765 *

.323

Magnesium

-.173

-.173

-1.097

.017

RBZ

.0110

.033

.242

.0008

Ferritin

-.0002

.092

.685

.007

Squared semi -partial

* = p < . 05
** = .05 </> < .10

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of B 12, Magnesium, RBZ and Ferritin as predictors where the
criterion variable was Delayed Prose recall averaged over Passage Type and
Importance Level. The overall model significance of each variable was tested with
degrees o f freedom of 6 and 31. An examination of the predictors (see table 27)
showed that Age, Vocabulary and blood levels o f B 12 were significant predictors of
Immediate Prose recall, with Age uniquely accounting for 8.9 % of the model
variance, B 12 level accounting for 6.3 %, and Vocabulary level accounting for .36.6%
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oi model variance. An examination o f these beta weights demonstrated that increases
in Age lead to decreased recall, increases in Vocabulary lead to increases in recall and
increases in blood B 12 lead to decreased recall scores. None of the interaction terms
accounted for a significant amount of variability in the criterion.

Table 27
Model 3: Delayed Prose Recall Regression
Predictor

Coefficient

Beta Weight

t

Age

-.114

-.363

-2.806 *

.089

B i2 Serum

-.0002

-.277

-2.363 *

.063

Vocab

.0100

.651

5.690 *

.366

Magnesium

-.122

-.155

-.819

.008

RBZ

-.0039

-.012

-.098

.0001

Ferritin

.0003

.171

1.435

.023

Squared semi-partial

* = p < .05
** = .05 < p < .10

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of B12, Magnesium, RBZ and Ferritin as predictors where the
criterion variable was Immediate Word recall averaged over Serial Position and Rate.
The overall model significance of each variable was tested with degrees of freedom
of 6 and 22. An examination of the predictors (see table 28) show'ed that there were
no significant predictors of immediate word list recall. None of the interaction terms
accounted for a significant amount o f variability in the criterion.
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Table 28
Model 3: Immediate Word List Recall Regression
Predictor

Coefficient

Beta Weight

l

Age

-.0736

-.284

-1.430

.049

B 12 Serum

-.00005

-.089

-.524

.007

Vocab

.0025

.202

1.110

.030

Magnesium

-.278

-.379

-1.762

.063

RBZ

-.114

-.360

-1.762

.075

Ferritin

-.0002

-.127

-.684

.011

Squared semi-partial

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of B 12, Magnesium, RBZ and Ferritin as predictors where the
criterion variable was Delayed Word recall averaged over Serial Position and Rate.
The overall model significance of each variable was tested with degrees o f freedom
o f 6 and 22. An examination of the predictors (see table 29) showed that Vocabulary
and level of Magnesium were significant, with Vocabulary uniquely accounting for
18.4 % of the model variance and Magnesium accounting for 11.5% of model
variance. An examination of these beta weights demonstrated that increases in
Vocabulary lead to increases in recall and increases in Magnesium lead to decreased
recall scores. None o f the interaction terms accounted for a significant amount of
variability in the criterion.

55

Table 29
Model 3: Delayed Word List Recall Regression
Predictor

Coefficient

Beta Weight

t

Age

-.0386

-.239

-1.170

.035

I},? Serum

-.00002

-.051

-.290

.002

Vocab

.0038

.503

2.686 *

.184

Magnesium

-.2350

-.514

-2.119 *

.115

RBZ

-.0739

-.374

-1.778 **

.081

Ferritin

.0003

.239

1.249

.040

Squared semi-partial

* = p < .05
** = .05 < p < .10

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of B)2, Magnesium, RBZ and Ferritin as predictors where the
criterion variable was Sentence Span score as measured by the first method used by
La Point and Engle (1990). The overall model significance of each variable was
tested with degrees of freedom of 6 and 28. An examination of the predictors (see
table 30) showed that Ferritin was a significant predictor of Span 1 with Ferritin
uniquely accounting for 12.7 % of the model variance. Both Vocabulary and Age
approached significance while accounting for 8.8 % and 8.5% of the model variance
respectively. An examination of these beta weights demonstrated that increases in
Ferritin lead to increases in recall. None of the interaction terms accounted for a
significant amount of variability in the criterion.
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Table 30

Predictor

Coefficient

Beta Weight

t

Age

-.53!

-.357

-1.956**

.085

B 12 Serum

-.0003

-.103

-.629

.009

Vocab

.0230

.322

1.983 **

.088

Magnesium

-.473

-.107

-.520

.006

RBZ

.210

.133

.798

.014

Ferritin

.0039

.407

K>

Model 3: Sentence Span 1 Regression

*

CO

Squared semi-partial

.127

* = p < .05

** - .05 < p < .10

A simultaneous multiple regression was completed using Age. Vocabulary
scores, and levels of B 12, Magnesium, RBZ and Ferritin as predictors where the
criterion variable was Sentence Span score as measured by the second scoring method
used by La Point and Engle (1990). The overall model significance of each variable
was tested with degrees of freedom of 6 and 29. An examination o f the predictors
(see table 31) demonstrated that none of the predictors were a significant predictor of
Span 2. Both Ferritin and Age approached significance while accounting for 8.8 %
and 9.7% o f the model variance respectively. None of the interaction terms
accounted for a significant amount of variability in the criterion.
Table 31
Model 3: Sentence Span 2 Regression
Predictor

Coefficient

Beta Weight

t

Age

-5.429

-.363

-1.917 **

.088

B !2 Serum

-.0027

-.087

-.510

.006

Vocab

.192

.267

1.584

.060

Magnesium

-4.758

-.107

-.501

.006
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Squared semi-partial

Table 31 cont.
Predictor

Coefficient

BetaWeight

RBZ

1.836

.116

.668

.011

Ferritin

.0342

.356

2.011 **

.097

t

Squared semi-partial

_ _ _ _ _ _

** = .05 < p < .10

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of B 12. Magnesium, RBZ and Ferritin as predictors where the
criterion variable was Sentence Span score as measured by the third method used by
La Point and Engle (1990). The overall model significance of each variable was
tested with degrees of freedom of 6 and 29. An examination of the predictors (see
table 32) showed that there were no significant predictors of Span 3. None of the
interaction terms accounted for a significant amount of variability in the criterion.

Table 32
Model 3: Sentence Span 3 Regression
Squared semi-partial

Predictor

Coefficient

Beta Weight

t

Age

-7.703

-.343

-1.784

.079

B ,2 Serum

-.0055

-.121

-.696

.012

Vocab

.196

.182

1.064

.028

Magnesium

-.833

-.125

-.576

.008

RBZ

4.071

.171

.972

.023

Ferritin

.0438

.304

1.690

.071

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of Bl2, Magnesium, RBZ and Ferritin as predictors where the
criterion variable was Sentence Span score as measured by the fourth method used by
La Point and Engle (1990). The overall model significance o f each variable was
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tested with degrees of freedom of 6 and 29. An examination of the predictors (see
table 33) showed that showed that Age was a significant predictor of Span 4 with Age
uniquely accounting for 11.0 % of the model variance. An examination of these beta
weights demonstrated that increases in Age lead to decreases in recall. None of the
interaction terms accounted for a significant amount o f variability in the criterion.

Table 33
Model 3: Sentence Span 4 Regression
Squared semi-partial

Predictor

Coefficient

Beta Weight

t

Age

-.763

-.405

-2.208

.110

B |2 Serum

-.0007

-.178

-1.073

.026

Vocab

.0190

.210

1.285

.037

Magnesium

-.267

-.048

-.230

.001

RBZ

.391

.195

1.164

.031

Ferritin

.0038

.311

1.813

.074

A simultaneous multiple regression was completed using Age, Vocabulary
scores, and levels of B |2, Magnesium, RBZ and Ferritin as predictors where the
criterion variable was Sentence Span score as measured by the method used by
Daneman and Carpenter (1980). Reading sentence span protocols were scored by
finding the highest level (i.e., set size) at which the participant was correct on two out
of three sets and awarding that many points The overall model significance ol each
variable was tested with degrees of freedom of 6 and 29. An examination of the
predictors (see table 34) showed that Ferritin was a significant predictor of Span 5
with Ferritin uniquely accounting for 11.2 % of the model variance. An examination
o f these beta weights demonstrated that increases in Ferritin lead to increases in
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recall. None of the interaction terms accounted for a significant amoun- •>/ v iid': .. .
in the criterion.

Table 34
Model 3: Sentence Span 5 Regression
Predictor

Coefficient

Beta Weight

t

Age

-.44!

-.288

-1.452

.056

B ] 2 Serum

-.000007

.002

.012

.000004

Vocab

,0i99

.27!

1.538

.062

Magnesium

-.621

-.136

-.610

.010

RBZ

-.0022

-.001

-.007

.000001

Ferritin

.0038

.382

2.060 *

.112

Squared semi-partial

* = p < .05

Because o f the previous result that older adults ingested significantly more
Vitamin B 12, magnesium and Zinc Supplements, we recomputed all of the above
regression analyses, with the supplement measures included as covariates. No change
in the pattern of significant results was observed.
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CHAPTER IV
DISCUSSION
The results of the current study replicated previous work reported in the
literature that examined age-related changes in prose recall, word list recall and
working memory span. Age-related declines in prose recall observed in the present
study have been reported previously by several authors (Dixon et al., 1982; 1991;
Petros et al., 1982, 1989) along with the pattern of effects observed for Passage Genre
and Importance Level. In addition, the results o f previous authors was also replicated
by the pattern of results observed in the present study for the word list recall (Erber,
1974; Wright, 1982) and the sentence span task (Light and Anderson, 1985;
Daneman and Carpenter, 1980; La Point and Engle, 1990).
The observation o f age-related differences in performance on all cognitive
measures except the MMSE suggests that the sensitivity of the measures used in the
current study (prose recall, word list recall, sentence span) appeared to be adequate.
Interpretation of these differences is clearer because the age groups were not
confounded by individual difference measures such that there were no significant
differences between the age groups on vocabulary levels, GDS scores, the Whaler
Physical Symptoms Inventory, the Mini Mental Status Exam and Years of Education.
An interesting result from the current study is the limited number of nutrition
measures that impacted memory performance. Vitamin B 12 significantly predicted
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memory performance in a number of analyses but the relationship was in a negative
direction. This finding is in contrast to other work that has demonstrated that deficits
in B ]2 are detrimental and produces impaired cognitive performance (e.g.. Riggs et
al., 1996; Goodwin et al., 1983; Rosenberg and Miher (1992); La Rue et ah, 1997.
Riggs et ah (1996) found that concentrations of vitamins (lower B 12 and folate
and higher homocysteine) led to deficits in spatial copying (i.e.. not mediated by
memory) skills. It is possible that the impact of B12 is more related to spatial
functioning than memory, but this theory would contrast with their finding o f a trend
similar to the current study where those with higher Bi? had decreased recall. They
explained this by positing that the participants used in some of their study (including
those with cancer and diabetes unlike the current study) were taking more vitamins to
combat illness.
Contrary to the current study, both Bell et al. (1992; and Joosten et al. (1997)
found low homocysteine concentrations linked to poor cognitive performance.
However, these studies used participants from a depressed population or patients with
Alzheimer’s disease and is not likely representative of the normal adult population.
We were more concerned with describing a group that would be representative of a
larger portion of the mentally healthy population than those with psychiatric or
dementing conditions. Another sample contrast is seen in Goodwin et al., 1983,
where they used elderly subjects who were not taking any medications at all. During
recruitment we did not encounter any potential participants that were not taking at
least one medication.
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Rosenberg and Miller (1992) (as cited in La Rue et ai.. 1997) in their review
of relevant literature, also found that norma! levels o f B<, Bn, and folate may be
particularly important for cognitive abilities. If t ur current sample was taking enough
supplements to achieve these normal levels (participants in our sample were taking at
least 100% of the RDA of B*, Bn and folic acid, and many o f the elderly were found
to have more than three times the RDA for many vitamins in their blood) then we
would not observe those findings here. Rather, it is possible we observed the effects
of normal aging decline devoid o f vitamin deficiencies commonly seen.
Lindeman et al. (2000) actually divided their sample into those taking
multivitamins and those not those taking multivitamins, and those taking a
mi'Ui vitamin had higher serum levels of vitamins than those not taking a
multivitamin. They did not find significant differences in any o f their cognitive
measures. However, they did find that those taking a multivitamin were significantly
more educated (mean = 12.8 \ ars) than those who did not (mean = 11.5 years). The
current study did not attempt to recruit participants to create these artificial groups,
although had we created them, it is doubtful given Lindeman et al.’s results that there
wouid have been noticeable difife :nces between these groups. It is noteworthy to
mention that our age groups did not differ on their self-report of nutritional intake.
However, it was clear that our older adults took considerably more vitamin and
mineral supplements. Furthermore, it appears that older adults had higher blood levels
o f zinc, magnesium and vitamin Bn. Perhaps excessive blood levels of vitamin Bn
are in some manner detrimental to cognitive performance.
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Unlike the negative correlation found in the current study, La Rue et al.
(1997) found a positive correlation between

status and cognitive performance.

However, their participant pool was found to be significantly more educated and had
higher incomes than the general population. Additionally, their participants were
anecdotally more health conscious, as noted by the study authors. Ii is unclear
whether comparison of a mid-west North Dakota elderly population to one that is
significantly more financially secure and more educated than the average adult would
be justly made.
One purpose o f the present study was to examine whether nutritional status
modified the extent of age differences observed. Unfortunately, none of the age X
nutrition interactions were significant. One reason for lack o f age x nutrition
interactions may be a lack of power. Du." to changes in staffing, the data from a
number of elderly participants was unobtainable: the additional participants in the
pool of elderly people might have either altered the significant findings, or bolstered
the argument found here for no significant interaction o f age with nutritional factors.
One limitation of the current study is that report of the vitamin supplements is
all self-report and relies on participants’ memory. During the screening interview,
many of the elderly participants needed help in identifying the medications they were
taking. They were encouraged to find the actual bottles or prescriptions, but many
did not have immediate access to this information and thus may have made errors in
their memory for the dose and amount o f vitamins taken.
Gender has been found to be a moderator of memory performance (for
example, Zelinski et ah, 1993). Females tend to have less memory degradation of
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time. This is not without exceptions, as Zelinski and Bumight (1997) fouii?

.10

v

i
\

gender differences in their longitudinal study. In the current study, females
outnumbered males in the young group 2 to 1, and there were few males at all in the
end data for the elderly sample. The sample size did not allow for the parsing out of
gender as an independent variable. It is possible that the lack of male participants
available has skewed the data to present an overly positive view o f older adult
memory performance.
The screening process posed a unique problem. Initially, efforts to maximize
internal validity led to a strict list of exclusionary criteria constructed to minimize
interference of certain medications with the measurement of the blood data.
Participants were rejected if they were taking common medications (such as Tylenol)
that fit into certain classes drugs such as anti-inflammatory and anti-diuretic
medications. Participants /ere also excluded if they were taking more than 150% of
the RDA of any vitamin or if they had started or stopped taking nutritional
supplements in the past six months. It could be that our ideal list of participants’
medications was not a representative sample o f the elderly population as a whole.
The relaxation of the originally strict exclusionary criteria may have adversely
affected the blood analysis data. The reason for excluding some of these drugs, (i.e.,
anti-inflammatory medications) was that high levels anti-inflammatory medications
and diuretics can interfere with the measurement of some of the blood vitamin levels.
In other w ords, the levels o f zinc, magnesium, B 12, etc., could be artificially low in
our sample due to allowing some of the drugs. However, we attempted to only allow
low levels (i.e., Tylenol as an anti-inflammatory) of these drugs and there is yet no

65

i If

clear evidence on the degree to which these drugs have affected the analysis of the
blood.
Future studies could attempt to replicate the present findings with a much
larger participant pool. A replication that involved sufficient number of participants to
tease out the possible effect of gender would be desirable. Future studies would also
need to decide how to handle the exclusionary criteria issue presented in this study, a
priori. Participants were not initially allowed to have a whole host of medical
conditions that are likely representative of the elderly population (heart problems,
high blood pressure, etc.) and future investigators would need to decide whether
internal or external validity is more important to the questions they will be posing.
One issue at hand is that many studies have used diet history recall to get at
levels of vitamins, whereas the current study actually measured it. It has long been
hypothesized that just extracting vitamin levels from diet questionnaires and 24 hour
recalls may lack precision (Gary et al., 1982) and examination of blood levels may
provide a solution. The current study provides a basis for future studies to be run that
use both participant recall and actual blood levels to add to a growing base of
literature on cognitive effects of vitamin levels and other moderators of memory
performance.
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Appendix A - Prose Recall Stories
Parakeets
1. Parakeets make nice pets
2. for people who have limited space,
3. time and money.
4. The lack of a yard or a big house is not a problem with parakeets
5. as it is with some other pets,
6. like large dogs.
7. A parakeet’s cage takes up very little room.
8. When he’s let out to fly
9. even a small apartment will give him enough space for exercise.
10. It does not cost very much to house and feed a parakeet.
11. Cages may be expensive
12. but they can often be found at garage sales
13. for only a few dollars.
14. Feeding a parakeet is also inexpensive.
15. Parakeets can get the necessary minerals, proteins, and carbohydrates from
bird seed
16. and other food that is available in most homes.
17. For example, the bird can often get calcium if you feed it bread and milk once
in awhile.
18. Also, dog food is a great source of protein for the parakeet.
19. The necessary carbohydrates and fats are found in birdseed.
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20. The price of the birds are about 10 to 15 dollars
21. depending upon it’s color.
22. The cheapest parakeet is the green bird with the yellow face.
23. The most popular color of parakeets in the United States is blue.
24. There are over 66 different colors of parakeets available,
25. but all colors of these birds make equally fine pets.

Carvings
1. Long ago there was a rich lord
2. who collected carvings of animals.
3. One day he summoned two skilled carvers
4. and said, “I want each of you to carve a mouse
5. so realistic that my cat will think it is a real mouse
6. and pounce on it.
7. We’ll put them down together
8. and observe which mouse the cat pounces on first.
9. To the carver of that moue
10. I’ll award this pouch o f gold.”
11. The first carver created a carving that looked exactly liked a mouse.
12. The second carver used some flaky, unusual material,
13. consequently, the quality of his carving was quite poor.
14. The cat was brought in
15. and immediately proceeded to pounce on the second carving.
16. The lord had no alternative but to award the gold to the unskilled carver.
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17. Then the lord inquired,
18. “How did you do it?”
19. “It was easy my lord,”
20. said the unskilled carver,
21. “I carved it from dried fish,
22. that is why the cat jumped on it so swiftly.”
23. The lord laughed when he heard this.
24. “Well”, said the lord finally,
25. “Then I will have to award two bags of gold;
26. One to the craftsman who carved so skillfully,
27. and one to you who carved so cleverly.”
28. “1 will keep the wooden mouse
29. and we’ll let the cat have the other one.”
Surgery
1. Many advances in medicine have been made over the years.
2. Yet, most operations on the human body are still dangerous procedures.
3. however a newly invented knife has helped to make surgery safer
4. by reducing the chance of excess bleeding
5. and damage to healthy tissues.
6. the knife, which is now widely used by many doctors
7. took years to develop and perfect.
8. The handle of the knife is fully insulated.
9. with only the tip of the knife uncovered.

70

mWm

10. Body cells that are touched by the tip of the knife are frozen instantly.
11. By leaving the knife in place,
12. the surgeon can let the freezing spread to nearby cells
13. just as far as is needed.
14. This freezing kills the cells
15. and eventually they break up
16. and are carried off by the blood stream.
17. The knife is made o f a hard metal
18. and looks like a large needle.
19. Inside the knife are many channels
20. through which liquid nitrogen flows.
21. Normally nitrogen is a gas at ordinary temperatures,
22. but it flows through the knife as a liquid at a temperature of minus 320
degrees.
23. The new knife has already shown some benefits.
24. The amount of blood needed during most operations has been greatly reduced
25. Also, the scars left by the incision are now smaller
26. and heal much quicker.
. Dragon
1. Far away in a distant country
2. there was a ferocious dragon
3. who lived in a huge mountain cave.
4. Whenever children were told about this horrible creature,
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5. they were frightened.
6. except for one little boy
7. who did not fear the dragon.
8. The day before his birthday
9. the boy decided to invite the dragon to his party.
10. He walked until he reached the dragon’s cave.
11. Wlvm the boy reached his destination
12. he invited the dragon to his birthday party.
13. At first, the dragon was reluctant to believe the boy
14. and began to roar at him.
15. But the boy was not intimidated
16. and repeated his offer.
17. Eventually, the dragon understood that the invitation was sincere
18. so he stopped maring
19. and began to
20. “What a happy thing to have happen, d to me,’'
21. the dragon cried,
22. “I’ve never had a kind invitation from anyone before.”
23. The dragon’s tears flowed
24. until they became a river.
25. “Come climb on my back
26. and I’ll give you a ride home,”
27. said the dragon.
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28. The boy climbed bravely on the back of the ferocious dragon
29. and the dragon swam down the river of his own tears.
30. As he swam,
31. his body quickly changed shape.
32. Suddenly, the boy was sailing down the river
33. toward home
34. as captain of a dragon steamboat.
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Appendix B
Word List Recall
Word List # 1

Rate
Fear
Character
Magic
Fort
Bread
Wish
Area
Moment
River
Tree
Peace
Word List #2

Zone
Help
Noise
P

Evidence
Horse
Husband
Size

M

Call
Chief
industry
Dream

R

View
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Word List #3

Room

_____

News

_____

C o n t r o l _____
Important

_____

Plan

_____

P_____

H e a l t h _____
Tax

_____

Smile

_____

Golf

_____

Women

_____

Writer

_____

Muscle

_____

M _____

R _____
Word List #4

Dirt
Information
Poet
Salt

P

Hope
Detail
Cars
Truth

M

Century
Line
Story
Stress

R
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Word List- Total Recall

Rate
Fear
Character
Magic
Zone
Help
Noise
Evidence
Room
News
Control
Important
Dirt
Information
Poet
Salt

Fort
Bread
Wish
Area
Horse
Husband
Size
Call
Plan
Health
Tax
Smile
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Hope
Detail
Cars
T ruth

Chief
Industry
Dream
View
Moment
River
Tree
Peace
Golf
Women
Writer
Muscle
Century
Line
Story
Stress

P

M ____________ R
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